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@ Precision lens mounting. 

^) A precision lens mounting assembly which includes a 
plurality of lens cells and a plurality cf lenses which correspond 
to the plurality of lens cells. The lens cells have an annular 
shape. Flexure means are disposed within the inner diameter of 
the lens cell which hold the lens in a predetermined spatial 
relation at a datum temperature to the lens cell. The flexure 
means return the lenses to this predetermined spatial relation 
following temperature excursions away from, then back to. the 
datum temperature. The outer diameter of the lens cells in the 
assembly are all substantially equal and substantially concentric 
about the optical axis of the lenses they hold. The upper and 
lower surfaces of the lens cell each have three or more 
precision surfaces disposed on a plane. The planes are 
perpendicular lo the opticai axis of the lens and have a 
predetermined spatial relation to the apex of the lens. Selected 
ones of the lens ceils can be rotated, translated or moved axialiy 
with respect to the other lens cells in the lens assembly to 
correct for astigmatism, coma or spherical aberrations, respec- 
tively. Adhesive means are provided to hold the plurality of the 
lens cells together. 
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Description 


PRECISION LENS MOUNTING 


i;d of the 


"iventicn 


The present invention relates to mounting devices 5 
for optical eiements and. more particularly, to 
mounting such elements together into a unitary 
assembly. 

Eackgrcund cf the Invention 10 

Optical designers are called upon tc develop ever 
more accurate and powerfu! iers systems for such 
apciicaticns as phctolithography equipment for the 
manL-facturs of semiconductor products. These lens 
sysremis are expected to maintain an exiremely high 15 
level of performance under a multitude of environ- 
mental conditions during use. storage and shipping. 
In addition, they must be easily, rapidly and accur- 
ateiy assembled. The problem, therefore, is not onty 
to develop the proper optical design but also to 20 
mount the ienses into a final assembly which 
remains true to the original design and is inexpens- 
ively accompiished. 

Lenses are ccmimcniy affixed v/ithin a lens cei! 
which serves as an annular support for the lens. 25 
Typically, mosr lenses are held in iens cells with such 
mechanical devices as clips, clamps, screw- 
threaded retaining ring, epoxy, rolled lips or screws. 
Tn^=? effects of thermal expansion and contraction 
when such a device is subjected to environmental 30 
temperature changes inevitably cause a change tn 
the stress on the fens, manifested either as an 
ur.symm.etrical change of the clamping load on the 
element, possibly resulting in a translation of the 
element in its mounting within the cell, or an 35 
undesirable strain in the glass of the lens resulting in 
distortion of the transmitted wavefront. 

Tne lenses must, in turn, be assemibied together 
sc as to constitute a unitary optical assembly. Such 
an assembly must hold the ienses within tight 4Q 
toierances so as to ensure prcper axial and radial 
alignment, and must be easily and accurately 
assembled so as to reduce the mianufacturing costs 
tc a minimum. 

Lens assemblies may also be asse.mbled together 45 
within a iens barrel which is an integral mechanical 
structure holding a series of lenses. It is used to 
position the lenses axially and radially v.'ith respect to 
each other, and to provide a means of interfacing the 
iens assem.bly with the system if which it is a part. 50 
Ler.s elements are radially positicned by the ID of the 
barrel wall. The OD of the iens elements are ground 
TO fit ID of the barrel v/ali. The axial position cf the 
(ens elements is accompiished by outline lens seats 
during assembly. The lens elements can then be 55 
constrained on the seats by epoxy, retaining rings, 

Such barrel mounted lens assembiies have the 
disadvantages of being subject to thermally induced 
stresses to the barrel and/or iens, require spe- SO 
ciaiized m.ateriafs to minimise the effect of such 
stresses, are difficult to machine, particularly for 
m_iiiple lenses, ar.i are inherently inflexible after 


machining regarding ac;; 
locarion of the iens elem.e 
The present invention e 
the foregoing cisadvanta 
providing a iens m.ount w 
tured of less exotic materia 
large temperaturre excursic 
ncm.inal operating tempera 
lens cell which can be us 
accurately assem.ble ar. 
acinieves the original optica 


:stment cf tine relative 
nts during assembly, 
iiminates or ameliorates 
gas of the prior art by 
thin a lens cell manufac- 
=is which is unaffected by 
;r:s, when returned to the 
.ture range, and the same 
ed to quickly, easily and 
optical system which 
! design requiremients. 


Summ.ary of the Inventicr. 

In order to achieve the desired results, the 
present invention provides a new and improved 
apparatus which consists of a lens bonded in a novel 
lens cell. The lens cell has integral machined flexures 
to which the lenses are bonded. 

The lens celt, with attached lens, is disposed on a 
vacuum chuck which is. in turn, mounted on a 
precision air bearing lathe spindle. The chuck seat is 
so machined in position to have the same. radius of 
cun/ature as the lens to be seated on the chuck seat. 
This sen/es two purposes: to establish the coordi- 
nates of the cutrting too! wiih respect to the vertex of 
the lens and to provide a good metal to glass seating 
surface so as to maintain a vacuum seal between the 
lens and the chuck. 

A high precision total indicator reading (TIR) type 
gauge on the surface cf the lens opposite the 
vacuum chuck, assuming a curved surface, can be 
set to a minimum TiR by appropriate manipulation of 
the lens on the chuck seat with a minimium chuck 
vacuum force applied. This puts the outer lens radius 
of curvature, hence the optical axis of the lens, on 
the spin axis cf the vacuunr. chuck. The cell surfaces, 
those perpendicular to the spin axis and the outer 
diameter of the lens cell, can be machined precisely 
perpendicular and concentric, respectively, to the 
spindle spin axis. It is the relationship fronri the lens 
vertexes tc the surfaces cf the cell perpendicular to 
the spin axis which established the spacings 
between the lenses when the lens cell assemblies 
are stacked and secured to each other. Accurate 
alignment of the optical axes cf the lenses is 
achieved by making the outer diameters of ail the 
lens cells equal and ccncentric about the optical 
axes of the lenses. 

The m:achined ceils, with attached lenses, are then 
stacked and heid in a precision vee block while tests 
are made to evaluate the transmitted wavefront. 
When the desired transm.iried wavefront is achieved, 
through axial, radial or rotational movements or 
select cells, the cells are unstacked, then sequen- 
tially bonded together tc form a rigid assembly as 
described hereinbelow. 

The first cell is positioned with two or more dowel 
pins projecting fromi its seating surface. The next cell 
ts positioned with c-ea.'ance holes around the pins. 
The vee block walls estabiish the centration of the 
celt, hence of the lenses. Plastic dowlinc cement is 
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pcured into the interface between the dowel and the 
eel! v;itr = sea! between cells to prevent the cement 
frcn". leaking and contacting the cell below. This is 
cone one at a time untii the entire assembly is 
epoxy-pinned xogether. Thus is formed a rigid, 
aocur=:ely positioned final lens assembly. 

There has thus been outlined rather broadly the 
more importani features of the invention in order 
tha: the detailed description thereof that follows may 
be better understood, and in order that the present 
conir'bution to the art may be better appreciated, 
Tnere a-e. of course, additional features of the 
inveniic, which will be described hereinafter and 
whicr. v. I; form the subject of the claims appended 
hereto. ~hcse skilled in the art wilt appreciate that 
the concepiicn upon which the disclosure is based' 
may readily be utiiized as a basis for the designing of 
other assemblies for carrying out the several 
purposes of the invention. It is important, therefore, 
that the claims be regarded as Including such 
equivaient assemblies as do not depart from the 
spirit and scope of the invention. 

Severe! embodiments of the invention have been 
chosen for purposes of .illustration and description, 
and are shown in the accompanying drawings, 
formiing a part of the specification. 

Brief Description of the Drawing 

F g. 1 shows an exploded view of a group of 
lens ceils constructed in accordance with the 
present invention; 

r g. 2A shows, schematically, an embodiment 
of a flexure constructed in accordance with the 
present invention; 

Fig. 2B is a top view of the flexure of Fig. 2; 

Fig. 3 is another form of the flexure of Fig. 2; 

Fig. 4 is another embodiment of a flexure 
constructed in accordance with the present 
invention; 

F;g. 5A is another embodiment of flexure 
constructed in accordance with the present 

invention ; 

f'.g. 5B :s a cross-sectional view of the flexure 
Ci F g. 5A with a projection land ; 

r ig. 5C is a cross-sectional view of the flexure 
cf F:g. 5A with a projection land ; 

rig. 6 is a vacuum chuck useful in fabricating 
a iens cell in accordance with the present 
invention ; 

Fig. 7 shows a lens mounted on the vacuum 
c'r.-^zK shown in Fig. 6; 

Fig. 8 shows, schematically, an apparatus 
L:3e'jl in aligning the lens cell surfaces to the 

fens: 

F g. 9 shov/s, schematically, the apparatus of 
Fie. 3 after the alignment of lens to lens cell is 
con-plete; 

Fig. 10 shows a lens assembly; 

=:g. 1 1 shews an apparatus useful in aligning 
the lens assembly of Fig. 10; 

F:c. 12 shows a vee block useful in the 
apza.'atus of Fig. 1 1 ; 

F:g. 13 shews, schematically, the floating 
iT.c-nt useful in the apparatus of Fig. 1 1 : 

Fig. 14 shcv/s an apparatus useful in holding 


the cells in a lens assembly in proper relation 
curing epoxy pinning: 

Fig. 15 shews another form of the apparatus 
cfFig.14; 

5 Fig. 15 shews, in top view, a m.ar.ner in v/hiich 

translation c::he individual ceiis in the assembly 
cf Fig. 10 can oe accomplished; 

Fig. 17 sho'.vs, schematically, a mannsr in 
which translation cf the individuai cells in the 
1C assembly of Fig. 10 can be acccmclished; 

Fig. IS shcv.'s. schematically, a manner in 
v/hich axial movem.ent of the ceils with respect 
tc one another can ce accomplished; and 

Fig. 19 shews, schematically, a manner in 
IS v.'hich axial movement of the ceils with resoect 

to one another can be accomplished. 

Detailed Descript cn cf the Invention 

Fig. 1 is an expieded view of a croup cf lens ceils, 
20 85. 86 and 87 constructed in accordance v/ith the 
present invention. The individuai lens cells, for 
example 85, are generally annula' rings vyithin which 
an optical elem.ent, for example, a lens 36, is 
disposed. 

25 It is a characteristic of any sciic material th^t it" 
undergoes dimensiona! changes as^ ihe^ ambient 
temperature changes. Some materials, undergo 
greater dimensional changes than others in re- 
sponse to temperature changes, that is. they have a 

3C different coefficient of thermal expansion. Any 
material, bended to a material with a differing 
coefficient of expansion, will experience stress at 
the point of bonding during temperature excursions. 
Such stresses can cause permanent distortion or 

35 dimensional chances to the materials and can cause 
a change in the orientation of cne material to the 
other. Such dimensional or orientation changes can 
be disastrous in optical system.s where optic 
spacing, centraticn and wedge must be held to close 

4C tolerances. 

In the embodiment of the invention shown in 
Fig. 1. three cantiievered flexures 22. 23 and 24_are 
provided, to which the lens 36 is bonded, ihe 
construction, and use c: the flexjres 22. 23 and 24 

45 are explained hereinbelow in reference to Figs. 2-5. 

The lens cell 35 also has precision machined 
surfaces 13-18 on its top. The machinec surfaces are 
so located that they match precision machined 
surfaces on the bcttom cf lens ceil 5c. It should be 

50 understood that while six precisir.- machined sur- 
faces 13-13 are shewn in Fig. 1. tnere may be any 
number in excess of three. In this v/ay cells can be 
rotated with resoect tc each other through small 
angles, such as 50" in the case where six precision 

55 machined surfaces are provided. By rotating select 
ceiis v/ith respe:: to each oti^er, the wavefrcnt 
emanating from a series of lenses ccnstrained v/fthin 
ceiis can be seiective'.y chanced. Tine method 
whereby a wave'rcnt is adjus:ed is ^rnore fully 

cC explained in refe'ence to Figs. and 11. 

As described hereinbelow in reference to F:gs. 3 
and 9. the p-ecisicn machined sur-'a^es 13-18 are in 
a plane which is cerpendieuiar tc :ne optical axis cf 
the lens 36 contained in the cell 35. In addition, the 

65 distance from that plane to the ve-.ex of the lens 35 
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is known. In this marrser the verteces of lenses in 
adjoining cells can be established cunng precision 
machtning of the lens celfs. 

The outer diameter 35 of the lens cell 85 is also 
precision machined with respect to the lens 36 
contained therein. The outer drajneter 35 is symme- 
trical about the optical axis of the lens 36. In addition, 
the outer diameter 35 of lens cell 85 is equal to that 
of all the other lens ceils in an assembly. Thus, when 
the outer diameters cf a!I lens cells in an assembly 
are co-cylindrical, the optica! axes cf ail the lenses 
contained wirhin the iens ceils in such an assembly 
are co-axiaL The apparatus and metnod to achieve 
such syn-,m.£try is expiained mere fuHy below in 
reference to Figs. 8 and 9. Circumrerentiai channel 
95 is useful with the apparatus shewn hereinbelow in 
Fig. 16 to provide for translaticnal movements of one 
celt with respect to the other cells during the 
stacking of cells into a lens assem.b.'y. 

Holes 30-35 and dowels 10-12 are used in an 
epoxy pinning technique to bond cells 85. 86 and 87 
together into a unitar/. rigid assem.bfy of cells. As 
shown in Fig. 1, hcles 31. 33 and 35 are adapted to 
hold dcwels 1 0-1 2. This can be dene, for example, by 
providing external threads on the dowels 10-12 
which are threaded into tapped holes 31. 33 and 35. 
Bores through cells 85 and 87 are located so as to 
receive the dowels 10-12 extending from the top 
surface of cell 85 when cells 86 and 57 are stacked 
on cell 85. Epoxy, not shown, is then disposed 
between the dcwels 10-12 and the corresponding 
bores in cells 86 and 37 to complete the epoxy 
bonding of cells 85, 36 and 87. Tnis technique is 
more fully described hereinbelow in reference to 
Rg. 10. 

Fig. 2A shows an embodiment of a flexure in 
accordance with the present invention. 

The flexure 22 is integral with the inner wall of the 
lens cell 85. Extending radiaJIy inward from the 
flexure 22, and attached thereto, is the lens seat 29. 
I ne lens seat 29 has a trough 58 formed therein 
which serves as a receptacle for the adhesive as 
described hereinbelow in reference to Fig. 3 and 
establishes a specific bondline thickness. 

The flexure 22 is formed by, for example, wire 
electron discharge machining or milling a slot 42 into 
the wall of the lens cell 35. Such a slot 42 is radially 
located at a depth *d' in the inner wail of the lens cell 
85. The slot 42 begins at one end of the -ens seat 29 
and describes an arc of length 'a' about the center of 
the lens ceil 85. The width of the finished flexure 22 is 
'w' as shown. 

Fig. 23 shows the manner in which the lens 36 is 
bonded to the flexure 22. Adhesive, such as EC 
1 33S. available from the 3M Corporaticn. is placed in 
the trough so as to bond the lens 3c to the lens seat 
29. The trough is sized to establish a bondline of 
cam.ent which will withstand the stresses imparted 
to it during Temperature excursions as described 
hereinbelow. There adhesive is placed in the trough 
23 sjch that when the lens 36 is bonded to the seat 
29 the excess adhesive does not overflew the seat 
29 and create a fillet. 1: should be noted that the 
radius of cur^^-ature of the seat sun'ace 39 may match 
the curvature of the lens 36 to which it is bonded. For 


l£'Z5 radn lenses :he match bet/.'een the radius of 
c- Evjre of the :ens 56 and the seat surface 3^ 
c;- -ishes in impctance and can be machined at 
a.-:e with the center of the bondline forminc'^a 
5 lE'ieni to the iens curvature. 

lens 36 is bended to the !ens cell 85 in the 
fc :>/:r.g manner. Adhesive 40 is placed in the 
\rz.zh 38 of the seat 29. This process is carried ou't 
fc - each of the flexures 22. 23 and 24 cf Fig. ^, Jhe 
10 2S is then placed into the iens cell and pressed 

c: -.- cnto the ie.-^s sea: 29 such that the excess 
az- reive 40 is exr.'udec from the trough 33 radiaJIy 
c_:..a.'3 between ihe lens 36 anc the seat surface 
or "-e iens 36 is centered in any convenient manner 
75 s_:- t.-.at the c-c:3;de diameter of the lens 36 is 
s_:s:=ntially concentric with the inside diameter of 
i.-r ens cell 85. This assembly is performed at an 
a-:'enr datum ta.-nperature, preferably the tempera- 
t_-e at which the assembly wilt be operating, 
20 ^ererring now to Figs. 2-A and 23, the operation of 

tre -lexure 22 can now be explained. As the ambient 
te-ce.'sture cycles up cr down, the relative diameter 
c' '= -ens cell £5 and the diam.eter of the lens 36 
c-£-ies. For exa-npie. consider the case where the 
25 c:^-:c:ent of exoansicn of the lens' cell 85 is 
ci-s.cerably greater than that for the lens 36. As the 
te~:erature increases fromi the datum temperature, 
ens ceil 85 expands and the inner diameter of 
tre e.-s cell 85 becomes larger. At the same time the 
30 [e.-3 26. hence its outside diameter, becomes larger 
c_: lotto the sa.—.e degree as the -ens' cell 85. In the 
^fz- art confrcu.-aticn. wherein no flexures are 
c'ese.":, the lens would move relative to the lens 
sea: causing the adhesive bond to shift or break due 
35 t: ve imposed st.'esses. In the embodiment of the 
pre 1 en: invention as shcv/n in Figs. 2A and 2B, the 
le-s seat 29 rem.ains substantially fixed with respect 
tc lens 36. As the inner diameter of the lens cell 
£5 T.<cands away from the lens 36, the arm 25 of the 
40 f!e- ..-e 22 flexes. That is, the arm 25 moves such that 
ti-e flexure slot width, f. increases. When the 
te~:erature decreases and stabilizes at the datum 
te~:erature the ::exure 22 returns to its original 
ct--;;jration and the iens 36 is retained in its 
45 c z -ai pcsition. centered within the lens cell 22. At 
nc :..-e does the ^.exure arm 25. iens 36 or adhesive 
la-; a- 40 reach ire allowable stress limits of their 
res: active matera.'s. 

3 i.ive.-sely. as the ambient temperature falls 
50 ■ be :v/ :he datum temperature the diameter of the 
ie' s :a,l 35 contracis. the lens 36 also contracts but 
t: = esser decree than the lens cell S5. Conse- 
c-evr/ the fle;^'_re arm flexes 25 such that the 
f:=--.-e slot wid:h. decreases. As in the case of 
55 irz-^asing temperature the lens seat 29 retains its 
s:a".a.' orientaticr with respect tc the lens 36 and the 
i.-:e:-:7 of the ac'esive layer 40 is retained. In this 
vsa. when the :e-nperature returns to the datum 
te~:-=rature the '.er,s 36 is in the same orientation 
60 V. -aspect tc :-e lens ceil 85 as when it was 
fa-:a:ed. 

.- : -.he flexure .— eves, a small torsional stress is 
!r-:a-ed to the ac."esive layer ^0 as shown by the 
£":'■• -^3. The adhesive layer 40 has a large enough 
55 a-e= s:- that it :s -ot defor-ed cr broker by this 
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stress. In addition, the shape and location of the 
adhesive layer 40 will not causs a distortion of the 
iransmitred'vvavsfront in the vicinity of the bondline. 

Fig. 3 shcv/5 another forrr, of the flexure ci 
Fics. 2A and 25. In the forrr* of Fig. 3 the flexure ar.T. 
25 \s of tv.'o v.'idths. Wi and VVa. VV: is the width of the 
flexure arm 25 formed in tne rrisnner described ir 
reference tc Fig. 2A. W2. however, is a narrows- 
width than VVi and is formed by. for exampie. 
machining down the narrov; section ^1 of the flexure 
arm 25. The narrow' section 41 of the flexure arm 25 
exrencs from, tne edge of the ier.s seat 29 a distance 
a", along the length of the flexure arm 25. The 
ci2'pcse of the narrow section 41 is to further redu-e 
the s:ress experienced by the adhesive layer 4C 
shown in Fig. 23, As the lens eel! 22 expands relative 
to the lens 35 ihe flexure arm 25 flexes and a slich: 
lorsional stress is introduced to the adhesive layer 
40 at the lens seat 39. This stress is as shown by the 
arrow 43 in Fig. 2B. The narrow section 41 of the 
flexure arm 25 of Fig. 3 reduces the torsional stress 
by allowing t-.e section of the flexure arm containing 
The lens sea: 29 to rotate relative to the rest of the 
flexure arm 25, thus substantially maintaining the 
orientation of me iens 36 to the seat surface 39 while 
maintaining the stiffness of the flexure arm 25 in the 
axial directicn. 

Another fcrm of the flexure is shown in crcss-sec- 
-ion in Fig. 4. The flexure 52 is fabricated by 
m.achining. for exampie, radial shots, on either side 
of the lens seat 29. a distance ti into the wall of the 
iens cell 85. One such radial slot is shown at 44. Twc 
axial slots, 43 and 50, are then formed. One axia! slot, 
50 , is formed miidway between the inner diameter cf 
the lens cell 35 and the end of radial slot 44. It begins 
a: the bottom, cf the lens ceil 85. runs parallel to the 
inner diameter of the lens cell 35, and extends to 
within a distance tz of the top of the lens cell. The 
second axial siot is parallel to the first, begins at the 
end of racia: slot 44 and at the top of the iens cell and 
extends to within the distance 13 of the bottom of the 
lens cell. 

The operation of the flexure 52 of Fig. 4 is 
equivalent ic that described for the flexure 22 cf 
Figs. 2A and 2B. As the am.bient temperature 
changes, the flexure 52 moves in or out relative tc 
the lens cell 20 to compensate for different thernna! 
growth rates of the lens 36 and lens cell 20. In thi= 
way there is no change- in the orientation of the lens 
55 ':o the lers seat surface 39 v^hen the lens ceil/len3 
assembly returns to a predetermined datum tem- 
perature foMc-wing temperature excursions. 

Another fcrm of the flexure 22. in accordance witi- 
the present invention, is shown in Figs. 5A-5C- In th;s 
form a peripheral bondline 45 is formed between the 
flexure arm^ 25 and the diameter of the lens 36. A 
proieciion land 37 can be provided so as to maintai.-. 
a clearance between the lers 36 and the inner 
diameter of -ne lens cell 35. Fig. 58 is a cross-sec- 
tion of a flexure arm 25 without the prcjection lari 
shown in Fig. 5A. To bond the lens 35 to the flexure 
arm 25 the iens is held, in any convenient manna:, 
adjacent to i.-.e hole 35 in the flexure arm. Injectic" 
means, not s-.cwn, are then inserted into port 43 arc 
a rhixotropic cr viscous, cement is injected throug- 


the hcic 35 to form a cement bondline 45 between 
the iens 36 and the flexure arm 25.- A similar 
procecure is foliowed in the case where a^projection 
lane 37 is provided, as shown in Fig. 50 Thixotrcpic 

5 cemer,:. injected through the hole 35, forms a 
bcndli.ne 45 be^veen the projection land 37 and the 
lens 35. It can be understood by those skilled in the 
arr iha: the thickness shown as 'b' cf the bondline 45 
is esiab;ished by the clearance between the lens 3c 

10 and flexure arm 25 in Fig. 55 or the lens 36 and 
projection land 37 in Fig. 30. 

The operation of the flexures 22 of Figs. 53 and 50 
are ecuivalent to tha: described in reference to the 
flexure 22 of Figs. 2A and 2B. 

r5 !t should be notec that the bondli.-.e 45 in the 

fiexures 22 of Figs. 53 and 50 is in tension or 
compression during temperature excursions above 
or celcw the datum, temperature respectively. This is 
due to the fact that- as the temperature increases 

20 above the datum point, the iens cell 85 expands to a 
greater extent that the iens 36. As explained 
hereinabove in reference to Figs. 2A and 23 the 
flexure arm 25 flexes to maintain the bcndline 45 tc 
the iens 35. This flexing, however, is no: perfect and 

25 a smaii amount of tension is introduced in the 
bonciine 45. Conversely, when the ambient tempera- 
ture drops beiow the datum temperature, the 
diameter of the lens cell 85 contracts while the lens 
36 aisc contracts, but to a lesser degree: Accord- 

30 inciy, a degree of compression is introduced to the 
ce'ment bondline 45. In either case of increasing or 
deceasing temperature, the stiffness of the lens 36 
to iens cell 85 is maintained in the axial direction. 
Refer.-ing now to Figs. 6-9. the apparatus and 

35 nei.hcd for m:achining the precision surfaces and the 
outer diameter of the iens cell will be explained. 

Fic. 5 shows a vacuum chuck 54 useful in the 
present invention for holding the lens 36 and lens 
cell 20 while it is being machined. The machining is 

40 carriec out after the lens 35 has been assembled in 
the lers cell 20 in the manner described hereina- 
bcve. 

The vacuum chuck 54 has a base 50 which is 
attached to the spindle of a lathe, not shown. 

-5 rreferably. the lathe spindle is supported by an air 
tea-ing. Attached to the base 60. and disposed 
abcut the spin-axis 54 of the vacuum chuck 54, is a 
cyiindricat riser 58. At the top of the riser 58 is the 
chuck seat 55. 

50 Fic. ^ shows the interrelationship ber.veen a lens 

35 a."c the vacuum cnuck 54 to which it is held. For 
t.-e 'urpdse of illust.'ation only. Fic. 7 shews the lens 
35 v.iti'cut the iens cell to which it is attached. 
Ti-.e ens 36 has two surfaces. 55 and 57. each of 

55 which has a radius of cu^^/ature F: and R2. 
;e5cec:ively. So as to facilitate the seating and 
cen-ering of the lens 36 onto the vacuum chuck 54. 
tne c.-uck seat 56 is machined to have the same 
racius of cur/ature. Ri. as lens sunace 55. In this 

60 way ie-s surface 55 of the lens 35 and the chuck seat 
5^ 'arr match-mated to each other. This minimizes 
he.tcia- seating stresses on the lens 36 as well as 
e=ta=i:shing the cordinates for matching the lens ceil 
as described hereinbeiow in reference t: Fig. 9. 

55 A= 3nown in Fic. 7. the lens 36 is not a flat. 
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Accordingly, the center of curvature of the chuck 
seat 56 is machined to be on the spin axis 54 of the 
vacuu:Ti chuck 54. 5y nr.aking the lans sunace 5c 
nnatch-rr.ated to the chuck seat 56. the center cf 
curvature 61 of lens surface 55 is always on the spin 
axis S4 cf the vacuu^T. chuck 54. The aHcnmer.: of the 
center cf cur/ature 53 of tens sunace 57 to the spir. 
axis £4 is explained herainbelcw in rafera-cetz 
Fig. 8. !f the lens 36 is a fat. the chuck seat 55 is 
machined perpendicular tc the spin axis 54 of the 
vacuum chuck 54. 

To retain the lens 36 and ceil 20 assembly to the 
vacuu— chuck 54 a vacuum is :jrav/n. within the riser 
53 thrcugh passage 62 by vacuum means, no: 
shown. When a low vacuum is drawn, the lens 35 and 
cell 20 assembly are held to the vacuum chuck 5-^ 
but can be rctatad radially relative to the vacuum 
chuck 54. This faciiitates alignment of the opticaf axis 
of the iens 36 to the spin axis 54 of the vacuum 
chuck as explained hereinbeiow in reference to 
Fig. 8. Following alignment a strong vacuum is drawn 
in the vacuum chuck 54 to hold the lens 36 and lens 
cell 20 assembly during the machining of the lens 
cell 2G as described hereinbeiow :n refer er.ce tc 
Fig. 9. 

Fig. S illustrates a manner in which the aiicnmen: 
of the optical axis 66 of the lens 36 tc the spin'axis 6^ 
of the vacuum chuck 54 can be accomplished. 

Tne chuck 54 :s shown mounted to the lathe 
spindle 70, through the chuck base 50. As described 
in reference to Fig. 7. the chuck base 60 is attached 
to a riser 53 which terminates in a chuck seat 56 
upon v/hich the lens 36 is seated. A TIR gauge 58 is 
placed on the sunace of the lens 36 opposite the 
vacuum, chuck 54. If. as shown in Fig. 8, the optica: 
axis 66 cf the iens 3c- is not on the spin axis 64 of the 
vacuum chuck 54, the meter shewing the run-out 
detected by the gauge 68 will be other than zero. Tne 
iens 36 can then be moved relative to the chuck seat 
56 until the gauge readout 63 shows a minimum 
acceptable run-out. This puts the optical axis of the 
lens 36 on the scindie spin axis 5^ and thus the 
vacuum chuck 54 as shown in Rg. 9. 

Fig. 9 also shews a tool bit 74. for example, a 
diamondpoint tool, and a tool controller 76, it can be 
appreciared by these skilled in the art that with the 
spin axis of the chuck 64 coincident 'Aith the optica- 
axis 66 cf the lens 36. the vertex 79 of the iens 36 is 
on the spin axis 64 of the vacuum chuck 54. Since 
the radius of cun/ature of the lens 35 :s match mated 
to the radius of cur/ature of the chuck seat 56 and 
the apex 79 cf the iens 36 is on ihe spin axis 5^ of the 
vacuum chuck 54. -he position cf the vertex 79 is 
precisely known w-:h respect to the vacuum chuck 
54. The apex 79 is taken, then, as the (0.0.0) point for 
the tcci 74. in this way all surfaces on the cell 20 can 
be machined precisely with respect to the vertex 79 
and optical axis 6*^ o*f the lens 35. 

Referring to Fig. 1 and Fig. 9. it can be appreciated 
that the cuter diameter 33 of the lens cell 20 can be 
machined concentric abcut the optical axis 65 of the 
lens 3c. Further, the precision machined surfaces 
13-13 can be machined perpendicular to the optical 
axis of :;-.e lens 36 and located preciseiy with respect 
to the vertex 79 of :he lens 36. .-.I! of the lens cells in 


an assembly of lens cells have their cuter z\a.T~--s 
m.achined to a comm.cn dimension. Thus. Wr.er "-r-.l 
lens ceils are stacked, in a manner describe-; 
refersnce tc Fig. 10. the outer diameter cf a." the 
5 ceiis is made to be co-cylindncai to estabiis- = 
common optical axis fcr the lenses in the asse.-c 
The distance from, the lens ape;<es tc the re* 
surfaces perpendicular to the optica, axis cf the ;n~ 
establishes the optica! spacings when the [ens z~\':s 

10 are stacked and secured to each ether. 

Fig. 10 shows a lens assembly 94. Tne iens caiis 
3G-92 are stacked together anc the wave^-cn: 
directed therethrough is adjusiec in a manner 
described hereinbeiow in reference tc r'.c. 

15 oriefiy. the cptical characteristics cf the waverin: 
can be changed by rotaiting, trans atinr cr ajcaii^ 
mcving selected ones of the lens Cziis v-im resrec: 
to others in the iens assembly 94. Selected ones o: 
the lens cells can be moved axiaiiy with respect tc 

20 the other lens cells in a lens assem cly tc zzrr~z' for 
spherical aberrations. This can be acccm:piishec by 
changing the thickness of shim.s or ir.rz^^c.- tn;e 
use of the apparati shewn in Figs. :E and 19. C-:n-a 
can be corrected by translating se:e::ed ones c:' the 

25 lens cells with respect to the other 'ens cei-s in a ians ' 
assem.bly as described herein in reference to Fiz. '5. 
Furtiher, by rotating selected ones zf the iens ca.is 
with respect to others, astigmatism car; be :cr- 
rected. 

30 Thirteen ceils are shown bcnced tc-cethe.' in 

Fig. 10 as an exa.mple. It can be appreciated, 
however, that the csl!-to-celI alignment and bcndnc 
m.ethod described herein is appiicabie tc =.nv 
plurality of cells. The cells 80-92 a.-e then Do^.z^d. 

35 together using, for example, dowels 102, p'astic 
adhesive 100, and inter-cell seais. .-igs. 14 a.-.d 15 
show apparati useful In holding the iens ca.Hs in t!-.e:r 
desired spatial' relation during the bending process. 
As can be seen in Fig. 10. the lens asss.m.biy 94 is 

dO an assembly of discrete groups, fc exa.m :pie, 5t-3o. 
83-85, 85-37. 87-89 ar.d 89-91. The ens assembiy ^ 
has a bottom lens cell 80 and a cap ier:s ce i 
between which are disposed the croups of iens 
cells. It should be understood that the groups c' "ens 

45 cells may consist of any desired nu-nber cf iens ceils 
in excess of two. 

Each group of lens cells has an an.chcr iens ceils, 
for example 85. individual lens ceiis cr ceii.Jcr 
example 85. and a tec iens cell, fcr exam.pie 37. :ne 

50 top lens cell in a grouz also ser/es as an a.nchcr ens 
cell rf another group is stacked upcn it. Fcr exa_-r^. 
lens cell 87 serves as a top lens zeil fcr the c'-up 
c5-57 and as the anchor lens ceil f" tne zrz^^p S~-i9. 
As described hereinabove in reference tc Fig. Trv'c 

55 cr .more dowels 1C2 are anchcrec in each an:hc: 
cell. 35 for example, and extenc iT\rz'Jz^. th£ 
individual cell or ceiis and the tc= cell in the c-rj-P 
Pins 96 and 106 are shov/n be ccnicai. .ne 
conical shape of pins 96 and 1C5 aiicws tinem: t: be 

SO removed from their respective abrasive layers -^.^li^ 
retaining proper alicnm.ent to the -emtairder c* :n£ 
cells 3': -91. This allcv/s bottom; iera cei! 92 and^ac: 
lens cell 30 tc be easily rem.cvec shcjld ^ e> 
become da.maged curing assen-r y, t.-ansc--t o-. 

S5 use. 
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Fig. 1 1 shows an ap-aratus useful in accomplish- 
ing the optical alicnrr.ent of the lens assembly 94 of 
rig. 10. Tr.e [ens assembly 94 is placed in a precision 
vee biock 108 v/n\cr. is Tiore clearly understood by 
reference to Fig. 12. is made of a dimensionally 
staDle material, sucr, =3 granite, with the tv/o faces 
120 and 122 forming =- angle 0 therebetween which 
is maintained fcr its e.-.t:re length. The two faces. 120 
and 122 of the vee c-cck 108 are so formed that the 
contact between the cu-er diameter of each cell in 
(he assem.bly 94 and :re faces 120 and 122 falls on a 
line. 

Returning new tc F:g. 11, the assembly 94 is 
ciaced in contact wi:r :re two faces 120 and 122 of 
the vee block 108, rhr.- Transported by means, not 
shown, to the assemb;-.- station 1 14 as shown by the 
dotted lines 1 10 and 1 * I. The vee block 108 is held to 
tne assem.biy station 1 14 by the clamps 112 and 1 13. 

The lens assembly 94 rests on a floating mount 
118 which is spaced =v/=y from the vee block 108. 
The floating mount 113 allows lateral translation and 
tilt of the lens assemciy 94 with respect to the vee 
block faces 120 and 122 so as to ensure that the 
o'jtsr diameters of the ens cells in the lens assembly 
94 just contact the facrs 120 and 122. In this manner 
there is no distortion o-'the vee block 108 due to lens 
assembly 94 loading stresses and thus, the optical 
axis of the lens asse.Toiy 94 is held parallel to the 
longitudinal axis of the vee biock 108. 

Fig. 13 shows, in a sectional view, the floating 
mount 118 of Fig. 11. A float 130 is supported by a 
base 132. Pressurized air enters passage 142 which 
communicates v/ith raceway 140 machined into 
bearing surface 143. Bearing surface 148 is ma- 
chined with the same radius of cur/ature as journal 
surface 146 on float 130. The air entering raceway 
140 thus forms a layer between the journal surface 
145 and bearing surface 146. There are a plurality of 
passageways 144 whicn communicate through the 
float to a like plurality cf openings in a channel 136 
formed into the top of i-.e float 130. Some of the air 
entering the raceway 140 passes through the 
passageways 144 and openings 134 to the channel 
135. In this way a layer rf air is form.ed between the 
top of the float 130 anb the bottom cell of the lens 
assem.biy. not shown, v/iich rests on the float. Tnus. 
the tens assembly floats on the floating mount 118 
and may be frictionlessiy moved laterally and tilted. 

With the lens assemriy 94 held in the vee block 
103 as shown in Fic. H a wavefrcnt. directed 
through it, can be i-3-ected. A passageway is 
provided through the canter of :he floating mount 
lis v/hich is concentre about the passageway 124 
provided through the ba3e 116. In this manner, light 
can be directed thrc-jgh the lens assembly 94. 
floating mount 118 a.-.b base 113 to provide a 
passageway for light _sed in inspecting the tens 
assembly 94 during its assembly, inspection means, 
not shown, can be, fo- example, an interferometer 
locsted substantially her-aath the passageway 124 in 
the base 114. In this v-ay the wavefront can be 
examined to be sure tha: i: conforms to the original 
optical design of the ie-.s assembly. Correction can 
be made when necessar. by making axial, rotational 
or transiationai movema.-rs of selected lens cells by. 


respectively, cnanginc the shim 104 thickness 
ber.veen selected ones of tne cells, by rotating 
selected ones of tne ceils with respect to the others 
in tne lens asse.mbly 9- and using the apparati a'nd 
5 merhods described he-einbelow in reference to 
Figs. 16 and 17. 

As described in reference tc Fig. 9, ail of the cells 
in an assem.biy are machined such that the outside 
dia.~5ters are tne same, and each ceil outside 
70 dia— eter is conrentric about the optical axis of the 
Isns it contains. Tnus. to align :he optical axes of all 
cf the lenses a!i :n2t is required is to apply enough 
force to each lens cell tc bring ihem just into contact 
both faces :20 snd 122 of the vee block. 
75 Fig. 16 shews an apparatus useful in holding lens 

celis in a iens assembiy in their proper relation 
during initial ai-gning and testing. As shown in 
Fig. 10. the lens cells cO-92 nave circumferential 
cha.-nels 95 in their outer diameters. After the lens 
2C assembly 94 is assembled ontc the assembly station 
1 14. it may be necessa.-y to translate the optical axis 
of one lens v/ith respect to the others to achieve the 
requ rements of the original optical design. 

Rails 159 and :cO are extended from the base 115 
^5 of the assembly station :c the tcp of the vee block 
108. To each rail 159 and 160 is affixed a clamp 
supc-ort, 157 and 15S respectively. These clamp 
supports slide up and dcv/n the rails 159 and 160 and 
are rale in position by knurled thumb screws 155 
30 and 156 respectively. At the end of each clamp 
suppcrr 157 and 158 is a mini-translation stage 163 
and 154, respectively, each of v/hich is translatable 
through the use cf screws 165 and 166, respectively. 
Attached tc each mini-translation stage 163 and 164 
35 is a bayonet 161 and 162. respectively, which is sized 
to engage the circumferential channels 95 of the 
individual cells. The tips 172 and 173 are tapered to 
faciliiate sliding the bayonets 151 and 162 between 
the lens assembly 94 and vee biock faces 118 and 
40 120 respectively. 

The cell translation device of Fig. 16 operates as 
follows: a selected iens celt is brought into contact 
with ir.e two faces 118 and 120 of the vee block 108 
by rubber band 174 acting in the circumferential 
45 channel 95 of the iens ceil. By selectively moving 
screws 165 and 156 in or out. the stages 163 and 164 
and cayoners 161 and 132 move between the cell 
and tne vee block 'aces 11c and 120. This allows the 
cell to be moved away from the vee block faces T18 
50 and 120. Since the remaining ceils are still held in 
contact with the vee biock faces 118 and 120, the 
optica: axis of the moved oell is :.-anslated relative to 
the CDtical axes of the remaining ceils. Each 
individual ceil is heid in tne desired position relative 
55 to the ether celis by elastic bands 174 which are held 
at eacr end therec' by screvv's 169 and 170 affixed to 
blocks 157 and 165. respectively. The blocks 157 and 
168 are attached tc the assem.biy station 114. 
An aiternate lens iranalarion lechniquG is shown in 
c.^ rig. Z7 vvharein a lens cell insert 175, having a 
tapereb outsibe diameter 179. fits within a lens cell 
130. Tna lens ceil insert 175 has a 'ens 135 mounted 
throucn three flexures 175. 177 and 178 v^ithin it in 
the m:anner described hereinabove. Translation is 
65 acccmplishec by screws 154 acting through three 
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holes 181. 132 and 183 to mova :he lens csi! insert 
175, hence the lens 185. in any desired direction. In 
this way the optical axis of the lens 1S5 can be 
moved reiative to the optical a:<ts of the otrer lenses 
in a lens assembly of which it is a part. Tha tapered 5 
outside diameter 179 of the iens cell insert 175 
assures a downward force on the isns csI! insert 175 
which precludes introducing a tih to the lens 135 
during translation. Extending radially inward from 
lens cell 150 is lip 179. The top surface of lip 179 has 10 
a precisicn machined surface 1S5 which matches 
the precision machined surface 196 cn the bottom of 
iens celt insert 175. The precisicn machinec surfaces 
195 and '95 estaciish the axia! spacing q:' the lens 
cell insert 175, hence of the iens 185, wiih respect to 15 
the lens cell 180 and with respect to lens cells above 
or below lens cell 180 in a lens assembiy. 

An alternate technique to move individual cells 
axially with respect to each other :s as shown in 
Figs. 18 and 19. 20 

Rg. 18 shows a ball 186 disposed in a hole 187 in 
the top of a lens cell 2G. The bail 136 is forced up 
when a tapered screw 18S is forced against it. A 
second lens cell, not shown. direct!y above the lens 
cell 20 win be forced upv/ard when the bail 136 is so 25 
moved. Three such ball 185 and screw 153 arrange- 
ments are disposed at 120' intervals about the top 
of the lens ceil 2C. 

Fig. 1 S shows a half ball 1 90 disposed on a tapered 
cantiievered arm 192. As screw 194 is moved into the 30 
lens cell 20 it forces the tapered cantiievered arm 
192 and ball 190 upward. A second lens cell, not 
shown, directly above the lens cell 20 will be forced 
upward v;hen the baJl 190 is so mioved. Tnree such 
ball 190. arm 192 and screw 194 arrangements are 35 
disposed at 120^ intervals about the top of the tens 
cell 20. 

The apparati shown in Figs. 18 and 19 for affecting 
axial movements o: a lens ceil can be used to tiit one 
lens cell, hence one lens, v^ith respect to the others 40 
in an assembiy. This is accomplished by moving the 
ball 135 of Fig. 13 or the bail 190 of Fig. IS more or 
less than the other two balls in the apca-'ati. 

When the lens assembiy 94 is properly adjusted 
so as to provide the desired wavefront, the lens calls 45 
in the iens assembly 94 are epoxied together so as 
to form a unitary structure. It should be noted that 
the lens assembiy can. at this point, be unstacked. 
then built up again, cell by cell, to fac:iita:e the 
epoxying process. This unstacking and buiicing up is 50 
done while retaining the as-adjusted wavefront. 
Referring to Fig. 10 it can be seen that the epoxying 
process is accomplished by injecting plastic dowling 
cement 1CO, such as. for example, E?CN* 323, into 
the interface ber-.veen the dowel 102 and the cell. A 55 
seal 98. bet'z/een cells, prevents the ce.Tient 100 
from leaking and contacti.ig the cell beiow. The 
dowels 1G2 are anchored in one cell, such as eel! 85, 
by. for examipie. screwing the dowel VZ2 into a 
tapped hole in the cell 85. The dowel ther extends SO 
i'nroL-(^'r\ holes in one or more cells. 55 and 57. above 
the anchor cell 35. It should be noted tha: :he holes 
in the ceiis S6 and 87 are roughly aiicned to the 
dcweis 102 phor to the fine aiignmer.: of the 
assembiy 94 as described ir reference to F.g. 1 1 . By 55 


doweling 3 to 5 cells together in the above-c 
scribed manner, the lens assembiy 94 can 
assembled in a plurality of groups such as the grc 
exemplified by cells 85-87. It can be understood 
those skilled in the art that two or more continue 
dowels, extending through ail the cells S0-S2. can t 
employed as an alternate to the above-describe 
method. 

Fig. 14 shows an apparatus useful in holding L- 
cells in a lens assembly in fixed spatial relation t 
one another during plastic cowling assembly. A !er 
assembly 94 is shown in contact with the two face 
118 and 120 of the vee block 108. The spring loader 
screw 150 contacts the individual cells in the ler 
assembly 94 by being moved relative to a sere 
block 152 which is fixed to the assembly station 1 ' 
of Fig. 11. In this way the unsym;metrical force 
generated during cement curing, which tend : 
decenter the lens axis from the vee block axis, ar 
overccme. 

Fig. 15 illustrates an improvement to the device •: 
Fig. 14 wherein a fork 154 is attached 10 the tip of tr 
screw so that the force is more evenly distributed : 
the lens assembiy 94. 

There has thus been described a mounting devic 
for optical elements which mounts such eiemen: 
together in a unitary assembiy. Such assemb^y 
unaffected by large temperature excursions and 
quickly, easiiy and accurately assembled. 

While the present invention has been shown ar 
described with reference to a preferred embodim.e: 
thereof, it will be understood by those skilled in tr 
art that changes in form or detail may be mac 
therein without departure from the scope and inte 
of the invention. Accordingly, it is understood th. 
the invention is to be broadly construed within tr 
spirit and scope of the claims appended hereto. 


Claims 


1. A precision lens mounting assem.t 
comprising : 
a plurality of lens cells ; 

a plurality of lenses corresponding to sa 
plurality of tens cells ; 

said lens ceils having an inner diameter, ^ 
outer diameter, a top surface and a bottc 
sun'ace; 

flexure means disposed within the inn- 
diameter of each of said pluraiiry of lens ceils ' 
held an individual lens in a predetermin; 
spatial relation at a datum temperature to ss 
inner diamister, said top surface and sa 
bottom surface; 

said flexure means returning said individual ie 
to said nxed spatial relation following temper 
ture excursions away from then back to sa 
datum temperature; 

the outer diameter of said piurality of lens ce 
being substantially equal to each other a: 
substantially concentric about the optical a'^ 
of their respective individual lenses: 
the upper and lower su.-^'aces of each lens c 
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having three or more precision surfaces dis- 
posed on a plane substantially perpendicular to 
the optica! axis of said individual lens, said plane 
having a predetermined spatial relation to the 
vertex of said individual lens; and 5 
said plurality of lens cells forming a stack of lens 
cells substantially in contact at said precision 
suriaces. 

2. A precision lens mounting assembly as 
claimed in Claim 1 wherein said stack of lens 10 
cells comprises: 

a bottom lens cell; 
a cap lens ceil; and 

one or mora croups cf lens cells disposed 
between said bottom and said cap lens cell. 15 

3. A precision lens mounting assembly as 
claimed in Claim 2 which further comprises 
holding means to hold said stack of lens cells 
substantially in contact at said precision sur- 
faces. 20 

4. A precision lens mounting assembly as 
claimed in Claim 3 wherein said holding means 
comprises: 

one or more groups of lens ceils comprising an 
anchor lens cell, one or more individual lens 25 
cells and a top lens cell; 

at least two dowels fixed to the top surface of 
said anchor lens cell; 

said one or more individual lens cells having 
bores therethrough for receiving said dov/els ; 20 
said top (ens cell having bores therethrough for 
receiving said dowels; 

said top lens cell having at least two dov/els 
fixed to the top surface thereof to fix the next 
group of individual lens cells thereto: 25 
said dowels having an outside diameter smaller 
than the inside diameter of the bores; 
epoxy disposed between said dowels and the 
bores through said individual ler.s cells and said 
top lens cell; and 40 
seals to prevent said epoxy from escaping from 
the bores. 

5. A precision (ens mounting assembly as 
claimed in Claim 4 which further includes: 

a bottom anchor ceil in said stack of lens cells 45 

having at least two bottom conical dowels fixed 

to the bottom surface thereof; 

said bottom lens cell having bores therethrough 

for receiving said bottom conical dowels; 

a top group of lens cells wherein the top lens 50 

cell in said top group of lens cells has at least 

two top conical dowels fixed to :he top surface 

thereof; 

said cap lens cell having bores Therethrough for 
receiving said top ccnical dowels; 55 
said top and bottom ccnical dowels having an 
outside diameter smaller than the inside 
diameter of the bores; 

epoxy disposed between said top and bottom 
conical dowels and the bore through said cap 50 
lens cell and said bottom lens cell, respectively: 
and 

seals to prevent said epoxy from escaping from 
the bores. 

5. A precision lens mounting assembly as 65 


claimed in Claim 1 which further includes; 
spacing adjustr-.ent means to adjust the ax:aj 
spacing betwe=." selectee ones of saici \^'^^ 
cells. 

7. A lens cei: translation apcarat-s compric- 
inc: 

a stack of a piLraiiry cf lens ceiis ; 

a precision vee block having ^,vo flat faces 

disposed at so.n-.e ancle to each other; 

means to hold saJd stack of lens cells in contact 

with said tv/o fia: faces without imparting anv 

stress to said s:ack or lens ceTs or to said ^.vz; 

fiat faces: 

at i east one pair -■: bayonets ; and 
said pair of bayor.ais be;.":g controilably inserted 
cetv/een a selecied one cf said iens cells in said 
lens cell stack and said two faces of said vee 
clock so as to cause said selected one cf said 
lens cells to move racialiy with respect to the 
remainder of sale lens cells in said stack of iens 
cells. 

3. A precisicn lens mounting apparatus 
comprising: 

a lens cel." insert having an inner diameter, a 
tapered outer ciameter. a top surface and a 
p'-ecision machined bottom surface; 
a lens; 

flexure means disposed within the inner 
diameter of said iens cell insert to hold said iens 
in a predetermined spatiai relation, at a datum 
temperature, lo said inner diameter, said top 
sunace and said bottom surface; and 
said flexure mieans returning said lens to said 
fixed spatial relation foliov/ing temperature 
excursions away from., then back to, said datum 
temperature : 

a lens cell having an inner diarreter. an cuter 
diameter, a top and a bottom, surface; 
said lens ceil having at least three threaded 
holes extending from said cuter to said Inner 
sunace ; 

three screws corresponding to the three 
threaded holes in said lens ceil; 
a precision machined surface extending radially 
inward from, the inner diameter of said iens cell: 
the tapered cuter diameter of said lens cell 
insert being less -han the iner diameter of said 
lens cell: 

said precision m.achined bottom su-face of said 
lens cell inse- resting or said precision 
machined surface of said iens ce!i. 

9. A precisicn lens mounting assembly as 
claimed in Claim 6 wrerein said spacing 
adjusting means com. prises a shim, said shim 
having a top precisicn surface substantially in 
ccntact wiih li-.e precisicn surfaces on the 
bottom surface zi a first selected one of said 
lens cells and a bottom precision surface 
substantially in contact v/ith the precision 
su.-faces cf the top surface of a second 
selected one cf said lens ceil. 

10. .A precision lens mounting assembly as 
claimed in Claim 6 v;herein said spacing 
adjusting m:5ans romprlses: 
at ieast three threaded i-.cies extending radially 
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inward from the outer diametsr of selected 
ones of said lens cells: 

at least three tapered screws extending into the 
threaded holes; 

axial moving means disposed or. the upper 
surface of said seiected ones of safd fens cells; 
and 

said tapered screws being radially translatable 
v/itnin the threaded holes to encounter said 
axra! moving means, said axial mcving means 
moving axialiy when said tapered screw is 
moved inwardly radialiv. 

11- A precision lens mounting assembly as 
ciaimed in Claim 10 wherein said axial moving 
means comprises: 

a ba:'l disposed in a through bore; the through 
bcre intersecting the tapered hole; and 
said 03:1 resting on said tapered screvA 

12. A precision lens mounting assembly as 
ciaimed in Claim 10 wherein said axial moving 
means comprises: 

a tapered cantilevered beam having a top 
suaace. a bottom tapered surface, a free end 
and a fixed end; 

the top surface of said tapered cantilevered 
beam being substantially flush with :he upper 
surface of the lens cell; 

the bottom tapered surface - contacting the 
tapered screw extending radially inwardly from 
the threaded hole; 

the fixed end of the tapered cantilevered beam 
being substantially at the inner diameter of said 
lens cell: 

said tapered cantilevered beam extending 
radially outwardly fromi said inner diameter of 
said lens ceii; and 

a half ball, said half ball being disposed on the 
top surface of said tape-f-ed cantilevered beam. 

13. A precision lens mounting assembly as 
ciainned in Claim 1 wherein said flexure means 
comprises: 

at least, three arcuate cantilevered arms inte- 
grally formed in said lens cells having a free end 
and a fixed end. the cuter wails of said arms 
being substantially flush with said inner 
diameter; and 

each of said arcuate cantilevered arms having 
lens seats distal said fixed end to support said 
individual tens in respective lens ceiis. 

14. A precision lens mounting assembly as 
ciaim.ed in Claim 13 which further includes: 
said lens seat extending radially inwardly from 
sa^d lens cell inner diamieter; 

said lens seat having a trough therein : and 
adhesive disposed in said trough to adheringiy 
hoid said individual lens. 

15. A precision lens mounting assembly as 
claimed in Claim 13 wherein said arcuate 
cantilevered arms have a narrow section ex- 
tending from said lens seat towards said fixed 
end for a short distance. 

15. A precision lens mounting assembly as 
claimed in Claim 15 which further induces: 
said lens seat extending radially inwa.'dly from 
said lens ceil inner diameter; 


said fens sear having a trougn therein - and 
adhesive disposed in said trouoh to 'adW--- 
holG said individual lens. ' - 
17. A precision iens mountirg assemb'v 
::a:med in Claim 1 wherein sa-d fiexur^'-^'- 
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claims 
comprs = 

an articulated flexure intsgraliy form.ed In 5 = 
cf said iens cells; 

said a.ticulatBd flexure comprising a first a- 
iocaied radially rnv/ardly from said \-' 
diarreter of the fans cell joined at said bcn- 
surfcce of the lens re!!, said first arm exterd^- 
axiaiiy to a joint at substantialiy said top surilz 
a second arm. having an outer wail fiush v.- 
said inner diameter extending axialiy frcm s = 
join: to substanttaliy said bottom surface; ar:c~ 
a lens seat extending radially inwardly from sa 
second arm distal said joint to support aa 
individual lens in its respective lens ceii. 

13. A precision lens mounting assemblv : 
ciaimed in Claim 17 which further includes: ' 
said fens seat having a trough therein; and 
adhesive disposed in said trough to adherinc 
ho!d said individual lens. 

'9. A precision lens mounting , assembly = 
ciaim.ed in Claim 1 wherein said flexure mea: 
comprises: 

at least three arcuate cantilevered arms in:- 
grally formed in said iens cells having a free er 
and a nxed end. the outer wa!is of said bs-: 
being substantially flush v/tth said irr 
diameter; 

each of said arcuate cantilevered arms havirc 
hole therethrough distal said fixed end; 
said lens cell ha^/inc radial ports therethrcuz 
correS;Oonding to the holes in each of sa 
a-cuate cantilevered a.nns; 
adhesive disposed be^.veen said arcuate can: 
evered arms and the circumference of sa 
individual lens to adheringiy hold said indivicu 
lens: and 

sa^d adhesive being disposed substantially . 
the holes in said arcuate cantiieversd arms. 

20. A precision lens mounting assembly a 
ciaimed in Clam 19 which further comprises: 
sad arcuate cantilevered arm having a proje: 
Tien land integraJ therewith; 

said projection land projecting radially inwar~ 
frcm said arcuate cantilevered arm distal sa 
rlxed end; 

the hoie extending through said projectic 
lard: and 

said adhesive being disposed be^veen sa 
prelection land and said lens. 

21. .A precision lens mounting apparatu 
comprising : 

a lens ceil having an inner diam;eter, an oute 
diameter, a top surface and a borom surface ; 
a iens; 

f:e:^ure means diseased v/ithin the inr.e 
diameter of said lens cell to hold said lens ir 
pi^edetermined soatiai reiaticn. at a datur 
te.-pera:ure. :d said inner diameter, said :c: 
surrace and said bottom su;-face ; and 
saz riexure means returning said lens to sa:- 
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fixed spatial relation following temperature 
excursions away from, then back to, said datum 
temperature. 

22. A precision lens mounting apparatus as 
claimed in Claim 21 wherein said flexure means 5 
comprises: 

a: least three arcuate cantiievered arms inte- 
grally formed in said lens cell having a free end 
and a fixed end, the outer wails of said arms 
being substantially flush with said inner 10 
diameter; and 

each of said arcuate cantiievered arms having 
tens seats dista! said fixed end for securing said 
individual lens to respective lens cells. 

23. A precision lens mounting apparatus as 15 
claimed in Claim 22 which further includes: 

said lens seat extending radially inv/ardly from* 

said lens cell inner diameter; 

said tens seat having a trough therein; and 

adhesive disposed in said trough to adheringly 20 

hold said individual lens. 

24. A precision lens mounting apparatus as 
claimed in Claim 23 wherein said arcuate 
cantiievered arms have a narrow section ex- 
tending from said lens seat towards said fixed 25 
end for a short distance. 

25. A precision lens mounting apparatus as 
claim.ed in Claim 21 wherein said flexure means 
comprises: 

an articulated flexure integrally formed in said 30 
lens cell; 

said articulated flexure comprising a first arm 
located radially inwardly from said inner 
diameter of the lens cell joined at said bottom 
surface of the lens cell, said first arm extending 35 
axially to a joint at substantially said top surface; 
a second arm having an outer wall flush with 
said inner diameter, extending axially from said 
joint to substantially said bottom surface ; and 
a lens seat extending radially inwardly from said 40 
second arm distal said joint for securing said 
lens to said lens cell. 

25. A precision lens mounting apparatus as 
claimed in Claim 25 v/hich further comprises: 
said lens seat having a trough therein; and 45 
adhesive disposed in said trough to adheringly 
hold said individual tens. 

27. A precision lens mounting assembly as 
claimed in Claim 21 wherein said flexure means 
comprises: ^0 
at least three arcuate cantiievered arms inte- 
grally formed in said lens cell having a free end 
and a fixed end, the outer walls of said arms 
being substantially flush v;ith said inner 
diameter: 

each of said arcuate cantiievered arms having a 
hole therethrough distal said fixed end; 
said lens cell having radial ports therethrough 
corresporicing to the holes in each of said 
arcuate cantiievered arms; 

adhesive disposed between said arcuate cantii- 
evered arms and the circumference of said lens 
to adheringly hold said lens: and 
said adhesive being disposed substantially at 
the holes in said arcuate cantiievered arm.s. 65 


23. A precision lens mounting assembly as 
claimed in Claim 27 which fur her comprises: 
said arcuate cantiievered arm having a projec- 
tion land integral therewith; 
said projection land prcjecirng radially inwardly 
from said arcuate cantiievered arm distal said 
fixed end ; 

the hole extending thrcuch said projection 
land; and 

said adhesive being disposed bet^-veen said 
projection iand and said lens. 

29. A method for fabricating a precision lens 
call assembly comprising: 

providing a lens cell having a substantially 
annular shape, a top surface, a bottom surface 
and an outer diameter; 

mounting a lens to the inner diameter of said 
lens cell; 

mounting said lens to a vacuum chuck having a 

seat match-mated to the radius of curvature of 

the lens in contact with said seat; 

placing a TIR gauge on said lens distal said 

vacuum chuck and radially ourward from the 

spin axis of said vacuum chuck; 

causing said vacuum chuck lo spin; 

moving said lens in relation to said vacuum 

chuck to substantially zero said run-out gauge; 

and 

machining said cuter diameter to be substan- 
tially concentric with the spin axis of said 
vacuum chuck, machining three or more preci- 
sion surfaces on each cf said top and said 
bottom surfaces, said precision surface lying on 
a plane perpendicular to said spin axis of said 
vacuum chuck, and in spaced relation to the 
vertex of said lens. 

stacking a plurality of lens ceils so machined ; 
bringing said plurality of lens cells into contact 
with the two faces of a precision vee block; 
inspecting the wavefront that traverses the 
plurality of lenses: 

correcting the wavefront by axially moving, 

rotating or translating selected ones of the iens 

cells; and i 

fixing together said iens cells into a unitary 

assembly. 

30 A method for fabricating a precision lens 
eel! assembly as claimed in C;aim 29 wherein 
the step of fixing together said lens cells into a 
unitary assembly comprises : 
providing a bottom lens cell: 
providing a top lens cell; 

providing one or more g:c'-p3 of lens ceils; 
epcxying said one or more groups of lens cells 
betv/een said bcticm lens eel! and said top lens 

ce-.l. 

31. A method as claimed i.n Claim 30 wherein 
the step of providing one' or m^ore groups of 
lens cells compnses: 
providing an anchor lens eel!: 
providing two or more dovveis; 
anchoring saic tv/c or more ccvels in the top 
surface of said anchor lens ceii ; 
providing one cr more ind-viduai cells having 
bo-es therethrough of a la.—er diameter than 
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said dowels for receiving said dowels: 
providing a top lens cell having bores there- 
through for receiving said dowels and having at 
least r//o dcwels anchored in the top surface 
thereof to fix the nexi group of individual lens 5 
cells thereto: 

disposing epoxy between said dowels and the 
bores through said individual lens cells and said 
top lens cell; 

providing seals to prevent said epoxy from 10 
escaping from the bores. 

32. A method for fabricating a pre::ision lens 
cell comprising: 

providing a \ezs ceil having a substantially 
annular shape, a top surface, a bottom surface 15 
and an outer diameter: 

mounting a lens to the inner diameter of said 
lens cell; 

mounting said lens to a vacuum chuck having a 

seat match-mated to the radius of cun/ature of 20 

the iens in contact with said seat; 

placing a TIR gauge on said lend distal said 

vacuum chuck and radially outward from the 

spin axis of sale vacuum chuck; 

causing said vacuum chuck to spin; . 25 
moving said lens in relation to said vacuum 
chuck to substantially zero said run-out gauge; 
and 

machining said outer diameter to be substan- 
tially concentric with the spin axis of said -30 
vacuum chuck, machining three or more preci- 
sion surfaces on each of said top and said 
bottom surfaces, said precision surfaces lying 
on a plane perpendicular to said spin axis of 
said vacuum chuck, and in spaced relation to 35 
the vertex of said lens. 
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® Precision lens mounting. 


@ A precision lens mounting assembly which in- 
cludes a plurality of lens cells and a plurality of 
lenses which correspond to the plurality of lens cells. 
The lens cells have an annular shape. Flexure 
means are disposed within the inner diameter of the 
iens cell which hold the lens in a predetermined 
spatial relation at a datum temperature to the lens 
cell. The fiexure means return the lenses to this 
predetermined spatial relation following temperature 
excursions away from, then back to, the datum tem- 
perature. The outer diameter of the lens ceils in the 
assembly are all substantially equal and substantially 
concentric about the optical axis of the lenses they 
hold. The upper and lower surfaces of the lens cell 
^each have three or more precision surfaces dis- 
^ posed on a plane. The planes are perpendicular to 
^the optical axis of the lens and have a predeter- 
mined spatial relation to the apex of the lens. Se- 
CN^lected ones of the lens cells can be rotated, trans- 
^iated or moved axiaily with respect to the other lens 
pr^ ceils in the lens assembly to correct for astigmatism, 
CS^coma or spherical aberrations, respectively. Adne- 
^sive means are provided to hold the plurality of the 
lens celis together. 
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